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selected	 wavelength.	 The	 response	 time	 of	 the	 switchable	 system	 is	 <110	 ms,	 depending	 on	 the	 rejected	
wavelength,	with	 the	 ability	 for	 faster	 switching	of	 <5	ms	when	using	 a	 lower-order	 rejection	band.	A	 rejection	
tuning	 range	 between	 480	 and	 640	 nm	 is	 demonstrated,	 and	 the	 potential	 to	 operate	 outside	 of	 the	 visible	

































































































































































































































































































using	 the	 adjacent-averaging	method.	 Image	 inserts	 are	 of	 the	 laser	
spot	in	the	far	field,	taken	using	a	deltaPix	camera.	(b)	Response	times	
associated	with	 switching	between	different	protection	 schemes	are	
shown.	 Error	 for	 values	 in	 the	millisecond	 range	 is	 ±	 10	ms;	 in	 the	
microsecond	range,	it	is	±	5	µs.	
To	further	test	switching	speeds	between	states,	the	three	most	
currently	accessible	handheld	laser	wavelengths	were	taken	as	λ	=	650	
nm	(red),	λ	=	532	nm	(green),	and	λ	=	405	nm	(blue).	From	Eq.	(4)	
blocking	voltages	of	0.69	Vrms	(red),	0.94	Vrms	(green),	and	1.21	Vrms	
(blue)	were	calculated.	The	switching	times	between	all	possible	states	
are	shown	in	Fig.	3(b).	
In	switching	from	the	OFF	state	to	a	specific	rejection	state,	response	
times	of	40-110	ms	were	found.	If	switching	between	specific	
wavelength	blocking	states,	the	response	times	range	between	40	and	
230	ms.	
We	can	consider	the	effectiveness	of	our	system	in	protecting	sensor	
system	from	laser	radiation	by	putting	our	results	in	context	with	
existing	literature,	which	evaluates	damage	to	cameras	caused	by	
lasers.	Schwarz	et	al.	found	it	difficult	to	cause	damage	to	a	CCD	camera	
with	a	continuous	laser	when	the	exposure	time	of	the	CCD	camera	to	
the	laser	was	kept	below	250	ms	[25].	Specifically,	no	damage	occurred	
below	a	power	density	of	159	kWcm-2.	Assuming	a	beam	diameter	of	6	
mm,	this	power	density	corresponds	to	a	huge	power	of	~20	W.	Thus,	
the	switching	speeds	of	our	filter,	all	faster	than	110	ms,	should	provide	
excellent	protection	for	a	CCD	camera	against	lasers	with	powers	of	
≤20	W.	
4.	Conclusion	
A	switchable,	tuneable,	liquid	crystal	Lyot	filter	was	designed	and	
tested	as	a	laser	protection	system	using	both	broadband	and	
monochromatic	light	sources.	A	tuneable	rejection	range	of	475-650	
nm	was	experimentally	demonstrated	using	low	voltages	from	0.6	to	
1.05	Vrms.	Theoretically	the	tuning	range	is	much	larger	due	to	the	
extended	transmission	spectrum	of	a	Lyot	filter,	namely,	the	
higher/lower	order	half-wave-plate	conditions.	A	calibration	equation	
was	extracted	from	the	tuning	data,	allowing	specific	wavelength	
rejection	voltages	to	be	deduced.	Switching	between	a	full	
transmission	mode	and	a	selective	wavelength	rejection	mode	was	
demonstrated,	using	a	broadband	light	source	and	a	high-resolution	
spectrometer.	This	was	achieved	by	switching	the	applied	voltage	to	
the	liquid	crystal	cell	from	30	to	0	Vrms,	with	a	minimum	in	
transmission	of	1.0%	at	the	rejection	wavelength.	The	system	was	
tested	using	a	laser	source	(λ	=	532	nm)	and	was	shown	to	switch	
between	a	transmission	OFF	state	to	an	ON	state	in	(60	±	10)	ms,	using	
voltages	of	30	and	0.94	Vrms,	respectively.		
The	implementation	of	the	Lyot	filter	as	a	protection	system	would	
be	incredibly	simple,	with	straightforward	calibration	tests	allowing	
for	any	temperature	dependence	of	the	liquid	crystal’s	birefringence	to	
be	accounted	for.	Threshold	voltage	effects	could	potentially	be	
avoided	through	the	use	of	a	copolymer	network	liquid	crystal,	which	
would	allow	for	continuous	tuning	[29],	although	this	may	result	in	
scattering	effects.	By	coupling	this	laser	filter	with	a	warning	system,	
the	system	can	switch	rapidly	from	full	transmission	to	a	blocking	
state,	thus	providing	much	needed	protection	from	dazzling	and	
permanent	damage.	The	system	shows	promise	as	a	compact,	rapid,	
and	tuneable	laser	protection	device	that	could	be	implemented	with	
ease	in	the	protection	of	sensors	or	surveillance	cameras.	
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